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CLAIMS : 
CLMS ( 1 ) 
We claim: 

1. A vaccine comprising: 
substantially pure OspA; and 

an immunologically acceptable carrier or vehicle. 
CLMS ( 2 ) 

2. A method of inducing a protective immunological response against 
Borrelia burgdorferi in an animal or human susceptible to Lyme disease 
comprising administering the vaccine of claim 1 to the animal or human in 
an amount effective for inducing the protective immunological response. 

CLMS ( 3 ) 

3. Substantially pure OspA. 
CLMS ( 4 ) 

4. A method for producing a vaccine containing a substantially pure OspA 
protein comprising recovering the OspA protein from a host organism 
transformed with a vector containing DNA encoding the OspA protein, and 
admixing the OspA protein with an immunologically acceptable carrier or 
vehicle . 



5. A method of producing the vaccine of claim 1 comprising admixing the 
OspA and the carrier or vehicle. 



6. A method as claimed in claim 5 further comprising adding an adjuvant. 



CLMS ( 5 ) 



CLMS ( 6 ) 



CLMS ( 7 ) 



7. A vaccine comprising substantially pure OspA from two or more strains 
of Borrelia burgdorferi and an immunologically acceptable carrier or 
vehicle . 
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Treatment of Lyme arthritis 

Steere A C; Levin R E; Molloy P J; Kalish R A; Abraham J H III; 
Liu N Y; Schmid C H 

New England Med. Cent., NEMC 406, 750 Washington St., Boston, 
MA 02111, USA 

Arthritis & Rheumatism 37 (6). 1994. 878-888. 

Full Journal Title: Arthritis & Rheumatism 
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Language: ENGLISH 

Print Number: Biological Abstracts Vol. 098 Iss. 004 Ref . 
044796 Objective. To test treatment regimens for Lyme 
arthritis. Methods. Patients were randomly assigned to 
treatment with doxycycline or amoxicillin plus probenecid 
for 30 days. Patients who had persistent arthritis for at 
least 3 months after, treatment with oral antibiotics or 
parenteral penicillin were given intravenous ceftriaxone 
for 2 weeks. Results. Eighteen of the 20 patients treated with 
doxycycline and 16 of the 18 patients who completed the 
amoxicillin regimen had resolution of the arthritis within 1-3 
months after study entry. However, neuroborreliosis later 
developed in 5 patients, 4 of whom had received the 
amoxicillin regimen. Of 16 patients (2 from the oral antibiotic 
study and 14 additional patients) who had persistent arthritis 
despite previous oral antibiotics or parenteral penicillin, none 
had resolution of the arthritis within 3 months after ceftriaxone 
therapy. The HLA-DR4 specificity and OspA reactivity were 
associated with a lack of response. Conclusion. Lyme arthritis 
can usually be treated successfully with oral antibiotics, 
but patients may still develop neuroborreliosis. Patients with 
certain genetic and immune markers may have persistent 
arthritis despite treatment with oral or intravenous antibiotics. 
Descriptors/Keywords: RESEARCH ARTICLE; BORRELIA BURGDORFERI; 
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DETECTION OF SPECIES -SPECIFIC DNA SEQUENCES OF BORRELIA 
BURGDORFERI IN INFECTED HUMANS, ANIMAL RESERVOIRS, AND IXODID 
TICK VECTORS (LYME DISEASE) Author: MALLOY, DIANE CATHERINE 

Degree: PH.D. 

Year: 1992 

Corporate Source/Institution: UNIVERSITY OF MARYLAND BALTIMORE 

PROFESSIONAL SCHOOLS (0373) 
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Descriptor Codes: 0307; 0410; 0573 

Segments of the ospA gene that encode hydrophobic regions of 
the outer membrane protein, OspA, of Borrelia burgdorferi strain 
B31 were synthesized for use as oligonucleotide primers in the 
polymerase chain reaction (PCR) . These oligonucleotide primers 
flank a 309-base-pair segment within the ospA gene. Optimal 
amplification conditions were achieved in a reaction mixture 
containing 0.2 uM of each oligonucleotide primer and 2 
mMMgCl$\sb2 . $ Dimethyl sulfoxide at a concentration of 10% or 
higher was found to inhibit amplification and gelatin had no 



effect at concentrations below 100 ug/ml, and slight inhibition 
was seen at concentrations higher than 100 ug/ml. After 30 cycles 
of amplification under optimal conditions, the target fragment 
could be detected by agarose gel electrophoresis or dot 
hybridization with a $\sp{32}$P- or digoxigenin- labeled probe. 
This segment was amplified in all strains of B. burgdorferi, but 
it was not detected in other bacterial species. The sensitivity 
of PCR for the detection of B. burgdorferi in clinical samples 
was evaluated by seeding blood and urine specimens with B. 
burgdorferi and subjecting them to amplification. Ten organisms 
per ml of blood or urine could be detected using PCR with dot 
hybridization detection. In a blinded study of Lyme disease 
patients, the OspA PCR was positive in 31% of patients who were 
early in disease and who had not received oral antibiotic 
therapy. No patient who had received antibiotics was positive in 
the PCR. Blood and urine specimens were obtained from canines 
with clinical and serologic evidence of Lyme disease and 
subjected to PCR analysis. Of 17 clinical specimens from 15 
canines, one blood specimen showed reactivity in the PCR. Two of 
32 cerebrospinal fluid specimens from suspected neuroborreliosis 
patients showed reactivity in the PCR. B. burgdorferi could be 
detected optimally in tissue only after DNA extraction. Nine of 
ten mice from a highly endemic Lyme disease area in Wisconsin 
showed reactivity in the PCR when DNA extracted from heart, 
kidney, or bladder was used as the target. Two of five punch 
biopsy tissue samples from skin lesions from suspected Lyme 
disease patients showed reactivity in the PCR. Of all tissues 
studied, one yielded a positive spirochete stain and all were 
negative by immunoperoxidase staining with a polyclonal antibody 
to B. burgdorferi. The conclusion of this study is that PCR can 
detect and identify B. burgdorferi in clinical samples from Lyme 
disease with greater sensitivity than any other currently 
available method and that this tool can be used to detect the 
spirochete in tick and animal reservoirs. 
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SUMMARY TEXT: 
Purpose : 

Results from a previous study have shown that parenteral 
administration of recombinant BCG expressing Borrelia burgdorferi 
outer surface protein A (rBCG-OspA) 2 x 10 sup (6) cfu induced 
high levels of protective anti-OspA IgG antibodies (Stover CK, et 
al. Journal of Experimental Medicine 178: 197-209, 1 Jul 1993). 
The present study examined the systemic and mucosal 
immunogenicity of intranasal administration of this Lyme disease 
vaccine (R&D; Medlmmune) in mice. 
Author comments: 

x We conclude that intranasal delivery of rBCG-OspA results in a 
potent, long-lasting systemic antibody response and a strong, 
pan-mucosal secretory IgA response to the vaccine. Although OspA 
was chosen as a model antigen to evaluate induction of immune 
responses following mucosal delivery of rBCG, we recognize that 
B. burgdorferi does not infect through a mucosal surface. 
Nonetheless, our findings are significant in that they 
demonstrate that i.n. (intranasal) immunization with rBCG can 
elicit complete protection against systemic infection by the 
native organism expressing that same antigen, while inducing a 
sustained mucosal immune response. It remains to be determined 
whether mucosal immunization with rBCG expressing an antigen from 
a mucosal pathogen can protect against infection at a mucosal 
site.' Study details: 

Design: in vivo 

Subjects : 

Type: animals 

Vaccine: Lyme disease vaccine (rBCG-OspA) 
Results table : 
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Intranasal administration of rBCG-OspA 2 x 10 sup (8) cfu 
resulted in a similar systemic IgG response to that observed with 
IP administration of a 2 x 10 sup (6) cfu dose. A comparable 
immune response was reached with intranasal administration of a 2 
x 10 sup (6) cfu dose, but the time to peak response was delayed 
by 4-6 weeks. 

In contrast to administration via the IP route, intranasal 
administration of rBCG-OspA induced a highly sustained, low titre 
serum IgA response against OspA. High levels of OspA- and 
BCG- specific IgA spot forming cells (SFC) were observed in the 
lungs from 6-22 weeks. These results suggest a strong secretory 
IgA response. Neither OspA- nor BCG-specific SFC were observed 
after IP administration. Intranasal administration also resulted 
in high levels of OspA- specif ic IgA SFC in GI lamina propria 
mononuclear cells and in vaginal washes. Oral administration of 
rBCG 10 sup (7) cfu induced low levels of OspA- specif ic systemic 
IgG and low levels of antigen-specific IgA in the GI tract. 

Analysis of lung tissue of intranasally immunised mice showed 
discrete foci of lymphocytic infiltrates containing a mixture of 
monocytes, macrophages, activated lymphocytes and plasma cells. 
There was no evidence of fibrosis or granuloma formation over a 
22 -week period. There was a 3 -fold increase in the level of B 
cells in the lungs of mice immunised with intranasal rBCG or 
non-rBCG compared with mice immunised IP or not treated. There 
were no significant increases in CD4+ or CD8+ cells in the lungs 



of intranasally immunised mice compared with untreated or 
IP-immunised mice. CD4 : CD 8 ratios were similar in all groups. 

In intranasally immunised mice, Peyer's patches from the GI 
tract had lymphoid accumulations in follicles underlying the 
domed epithelium and lymphocyte infiltrates were observed in the 
lamina propria and muscularis mucosa. Lymphoid accumulations were 
also observed in the 

nasopharyngeal -associated lymphoid tissue; comparable aggregates 
were not observed in untreated or IP- immunised mice. 

BCG persisted in the lungs and spleen for at least 9 weeks 
post- immunisation in mice immunised with intranasal rBCG-OspA, 
while those receiving IP immunisation had BCG located only in the 
spleen at 9 weeks . 
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Segments of the ospA gene that encode hydrophobic regions of 
the outer membrane protein, OspA, of Borrelia burgdorferi strain 
B31 were synthesized for use as oligonucleotide primers in the 
polymerase chain reaction (PCR) . These oligonucleotide primers 
flank a 309-base-pair segment within the ospA gene. Optimal 
amplification conditions were achieved in a reaction mixture 
containing 0.2 uM of each oligonucleotide primer and 2 
mMMgCl$\sb2 . $ Dimethyl sulfoxide at a concentration of 10% or 
higher was found to inhibit amplification and gelatin had no 
effect at concentrations below 100 ug/ml, and slight inhibition 
was seen at concentrations higher than 100 ug/ml. After 30 cycles 
of amplification under optimal conditions, the target fragment 
could be detected by agarose gel electrophoresis or dot 
hybridization with a $\sp{32}$P- or digoxigenin-labeled probe. 
This segment was amplified in all strains of B. burgdorferi, but 
it was not detected in other bacterial species. The sensitivity 
of PCR for the detection of B. burgdorferi in clinical samples 
was evaluated by seeding blood and urine specimens with B. 



burgdorferi and subjecting them to amplification. Ten organisms 
per ml of blood or urine could be detected using PCR with dot 
hybridization detection. In a blinded study of Lyme disease 
patients, the OspA PCR was positive in 31% of patients who were 
early in disease and who had not received oral antibiotic 
therapy. No patient who had received antibiotics was positive in 
the PCR. Blood and urine specimens were obtained from canines 
with clinical and serologic evidence of Lyme disease and 
subjected to PCR analysis. Of 17 clinical specimens from 15 
canines, one blood specimen showed reactivity in the PCR. Two of 
32 cerebrospinal fluid specimens from suspected neuroborreliosis 
patients showed reactivity in the PCR. B. burgdorferi could be 
detected optimally in tissue only after DNA extraction. Nine of 
ten mice from a highly endemic Lyme disease area in Wisconsin 
showed reactivity in the PCR when DNA extracted from heart, 
kidney, or bladder was used as the target. Two of five punch 
biopsy tissue samples from skin lesions from suspected Lyme 
disease patients showed reactivity in the PCR. Of all tissues 
studied, one yielded a positive spirochete stain and all were 
negative by immunoperoxidase staining with a polyclonal antibody 
to B. burgdorferi. The conclusion of this study is that PCR can 
detect and identify B. burgdorferi in clinical samples from Lyme 
disease with greater sensitivity than any other currently 
available method and that this tool can be used to detect the 
spirochete in tick and animal reservoirs. 
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Immunization with recombinant OspA protein of Borrelia 
burgdorferi protects against experimental Lyme disease. In the 
present study, mice were injected intramuscularly with plasmid 
DNA (VR2210) encoding strain B31 OspA. In this vector, the 
ospA- coding sequence was under transcriptional control of the 
cytomegalovirus immediate early promoter. For negative and 
positive controls, mice were immunized with either the plasmid 
vector without an osp- coding sequence or recombinant OspA 
protein, respectively. Mice immunized with VR2210 DNA produced 
OspA- specif ic antibodies that bound to B. burgdorferi in a whole 
cell ELISA and inhibited the growth of a homologous strain of B. 
burgdorferi. Immunization with VR2210 protected mice against 
challenge with 2 infectious strains of B. burgdorferi, Sh-2-82 
and N40. These results indicate that vaccination with plasmid DNA 
expressing OspA is an efficacious method for providing a 
protective response against B. burgdorferi infection. 
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SUMMARY TEXT: 
Purpose : 

Results from a previous study have shown that parenteral 
administration of recombinant BCG expressing Borrelia burgdorferi 
outer surface protein A (rBCG-OspA) 2 x 10 sup (6) cfu induced 
high levels of protective anti-OspA IgG antibodies (Stover CK, et 
al. Journal of Experimental Medicine 178: 197-209, 1 Jul 1993). 
The present study examined the systemic and mucosal 
immunogenicity of intranasal administration of this Lyme disease 



